Hand hygiene—beliefs or science?  by Hugonnet, S. & Pittet, D.
Hand hygieneÐbeliefs or science?
S.Hugonnet andD.Pittet
Infection Control Program,Department of InternalMedicine, University of GenevaHospitals, Geneva, Switzerland
S U M M A R Y
Over a century has passed since Ignaz P. Semmelweis demonstrated the association between hand hygiene
and nosocomial infections, but this simple procedure is still not recognized bymany healthcareworkers as
one of themost importantmeasures to prevent cross-transmission of microorganisms. A relatively large
amount of research has been done, in particular to try to understandwhycompliance remains so low, in
order to implement successful promotion campaigns.This research has generated a fair amount of strong
scienti¢c datawhich are sometimes misunderstood andmisused because ofmyths or certain beliefs.
Observational or intervention studies have consistently shown a number of risk factors associatedwith non-
compliance, such as highworkload, professional category, or type of ward. Others are thought to be
barriers to adequate compliance but have not yet been properly assessed.These include skin irritation due to
hand hygiene agents, lackof knowledge of hand hygiene recommendations, or lackof institutional policy.
Future interventions to promote hand hygienewill need to address these risk factors, and target the
individual healthcareworker, as well as the group or institution if a signi¢cant degree of success is to be
achieved.
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In 1847, Ignaz P. Semmelweis, a Hungarian-born obstetrician,
performed the ¢rst experimental study which clearly demon-
strated that appropriate hand hygiene does prevent puerperal
infections and maternal deaths [1]. Since then, hand hygiene
has been considered by most healthcare professionals to be the
simplest and most cost-e¡ective measure to prevent cross-
transmission of microorganisms and nosocomial infections
[2,3].
Despite this, healthcare workers (HCWs) show a certain
reluctance to translate Semmelweis' message into their daily
clinical practice. Indeed, hand hygiene and adherence to
recommended practices have been extensively studied, and the
vast majority of the observational studies report compliance
rates that are unacceptably low, usually below 50% [4^15]
(Table1). As a logical consequence, the issue of hand hygiene
became a priority among infection control practitioners, and a
great deal of research has been done to better understand the
process of hand contamination, cross-transmission, the factors
explaining non-compliance, and the interventions needed to
improve adherence to hand hygiene recommendations. Tre-
mendous progress has beenmade, new research questions have
arisen, but some gaps in our knowledge remain and contro-
versy is ongoing.
Interestingly, the debate surrounding hand hygiene has a
tendency to become intermingled with myths, personal
beliefs and facts.The aim of this review is to attempt to clarify
the state of our present knowledge and to separate what is
science from simple beliefs or opinions.
I M P O R T A N C E O F H A N D H Y G I E N E I N T H E
P R E V E N T I O N O F N O S O C O M I A L I N F E CT I O N S
This is the central concept underlying the whole discussion
around hand hygiene and the e¡orts employed to increase
awareness of its importance. However, it is still argued that
there is no compelling evidence to support the need for rigor-
ous hand hygiene procedures to prevent nosocomial infections
[16]. From our point of view, this issue is no longer a subject of
debate. As recently reviewed by Larson [17], seven quasi-
experimental hospital-based studies of the e¡ect of hand
hygiene on the risk of nosocomial infection were published
between 1977 and 1995 [12,18^23]. In one of these, endemic
MRSAwas eliminated in 7months in a neonatal intensive care
unit following the introduction of a new hand disinfectant
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[19]. Another study reported anMRSAoutbreak involving 22
infants in a neonatal unit, which could not be controlled
despite intensive and comprehensive measures until another
disinfectant was widely introduced [20]. Other studies to
examine the e¡ects of hand hygiene promotion on the risk of
infection were conducted in schools or daycare centers [24^
27], as well as in the community [28^30]. Despite the limita-
tions of these studies in terms of study design, lack of control
for confounding factors or power, most reports showed a tem-
poral relation between improved hand hygiene practices and
reduced infection rates.
In addition to these above-mentioned studies, outbreak
investigations have suggested an association between infec-
tions and understa¤ng or overcrowding that was consistently
linkedwith poor compliance to hand hygiene [31^33]. During
an outbreak, Fridkin et al investigated risk factors for central
venous catheter-associated bloodstream infections [33]. After
adjustment for confounding factors, the patient-to-nurse ratio
remained an independent risk factor for bloodstream infec-
tion, suggesting that nursing sta¡ reduction below a critical
threshold may have contributed to this outbreak by jeopardiz-
ing adequate catheter care. More recently, Vicca studied and
demonstrated the relationship between understa¤ng and the
spread of MRSA in an intensive care unit [34].These ¢ndings
tend to show indirectly that an imbalance between workload
and sta¤ng leads to relaxed basic control measures, such as
hand hygiene, and the spread of microorganisms.
We recently investigated an outbreak of Enterobacter cloacae
in our neonatal intensive care unit [35] which showed that the
daily number of hospitalized children exceeded the maximal
capacity of the unit, resulting in an available space per child
well below standard recommendations [36]. In parallel, the
number of sta¡ on duty was signi¢cantly below the number
required by the workload, and this conjunction resulted in
relaxed basic infection control measures. Compliance with
hand hygiene before device contact was only 25% during the
workload peak but increased to 70% after the end of the
understa¤ng and overcrowding period. Continuous surveil-
lance showed that being hospitalized during this period car-
ried a 4 -fold increased risk of acquiring a nosocomial
infection. This study not only shows the association between
workload and infection but also highlights the intermediate
step: lowcompliancewith hand hygiene procedures.
Do these data provide su¤cient evidence to state that there
is a causal link between hand hygiene and nosocomial infec-
tions? It would seem to be the case, as several of the Bradford^
Hill criteria for causality are met: consistency of the associa-
tion, temporal sequence of the association, and plausibility
and coherence of the association.
H A N D W A S H IN G O R H A N D D I SI N F EC T IO N ?
The skin harbors mainly two types of microorganisms, the
resident and the transient or contaminant £ora [37]. The resi-
dent £ora (coagulase-negative staphylococci, Corynebacterium
species, Micrococcus species) has a low pathogenic potential
unless introduced into the body by invasive devices, and is dif-
¢cult to remove by mechanical means. On the other hand, the
transient £ora (typically Escherichia coli, Pseudomonas aeruginosa)
has a short-term survival rate on the skin, but with a high
pathogenic potential, and is responsible for most nosocomi-
ally acquired infections resulting from cross-transmission.
The aim of hand hygiene is to decrease hand colonization
with transient £ora. The ideal technique should be quick to
perform, reduce hand contamination to the lowest possible
level, and be free from signi¢cant side-e¡ects on the skin.
Hand hygiene can be achieved either through handwashing,
or hand disinfection. Handwashing refers to the action of
washing hands with an unmedicated detergent and water, or
water alone to remove dirt and loose transient £ora to prevent
cross transmission [2,37]. Hygienic handwash refers to the
same procedure when an antiseptic agent is added to the deter-
gent. Hand disinfection refers to any action where an antisep-
tic solution is used to clean hands, either medicated soap or
alcohol. Some experts may refer to the action of degerming
with detergent-based antiseptics or alcohol [17]. Hygienic
handrub consists of rubbing hands with a small quantity (2^3
mL) of a highly e¡ective and fast-acting antiseptic agent.
Because alcohols have excellent activity and the most rapid
bactericidal action of all antiseptics, they are the preferred
agents for hygienic handrub. The other main antiseptics
include iodophors, chlorhexidine gluconate, triclosan, phenol
Table 1 Compliance with hand hygiene in different hospital set-
tings
Year Setting Compliance Author
1981 Open ward
ICU
16%
30%
Preston et al [4]
1981 ICUs
ICUs
41%
28%
Albert and Condie [5]
1983 All wards 45% Larson [6]
1987 PICU 30% Donowitz [7]
1990 ICU 32% Graham [8]
1990 ICU 81% Dubbert et al [9]
1991 SICU 51% Pettinger and
Nettleman [10]
1992 NICU/others 29% Larson et al [11]
1992 ICUs 40% Doebbeling et al [12]
1992 ICUs 40% Zimakoff et al [13]
1994 Emergency room 32% Meengs et al [14]
1999 All wards
ICUs
48%
36%
Pittet et al [15]
ICUs, intensive care units; PICU, pediatric ICU; NICU, neonatal ICU.
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derivatives and quaternary ammonium compounds, and have
been recently reviewed byRotter [37].
Plain soap with water can physically decrease the load of
microorganisms to a certain level, but antiseptic agents are
necessary to obtain a signi¢cantly stronger reduction or elimi-
nation [2,38^40]. To be e¡ective, time spent washing hands is
crucial, since the mean log10 reduction of hand contamination
reaches 0.6^1.1 after 15 s, 1.8^2.8 after 30 s, up to 3 after 1min,
and up to 3.3 after 2min. In contrast, a solution containing at
least 50% of n-propanol achieves a 3.7 log10 reduction in bac-
terial count after 30 s of exposure. Rotter showed that hand
hygiene with unmedicated soap and water removed, at best,
some of the transient £ora mechanically, whereas preparations
containing antiseptic or antimicrobial agents not only
removed transient £ora mechanically, but also chemically
killed contaminating and colonizing £ora with long-term
residual activity. It is important to recall that hand disinfection
is signi¢cantlymore e¤cient than standard handwashing with
soap and water or water alone [37,41], particularly when con-
tamination is heavy [42^44]. However, as standard handwash-
ing was the preferred technique for a long time, there appears
to be a certain reluctance to adopt alternative methods of
achieving hand hygiene.
Alcohol-based handrubs are well suited for hygienic hand
disinfection for the following reasons: (1) optimal antimicro-
bial spectrum (active against all bacteria, and most clinically
important viruses, yeast and fungi); (2) no wash basin neces-
sary for their use and easy availability at the bedside; (3) appli-
cation does not cause microbial contamination of the HCW's
uniform; (4) fast-acting. After extensive reduction following
hand disinfectionwith an alcohol preparation, it takes the resi-
dent skin £ora several hours to become completely restored
[37]. Since alcohol alone does not have any lasting e¡ect,
another compound with antiseptic activity, such as chlorhexi-
dine gluconate, is sometimes added to the hand disinfection
solution to obtain a prolonged e¡ect.We recently investigated
the colonization of HCWs' hands during routine patient care
under various clinical situations, and the e¡ect of hand
hygiene on decolonization [45]. In the multivariate analysis,
we found that HCWs who washed their hands with unmedi-
cated soap had an excess of 52 colony-forming units (CFUs)
on their ¢ngertips when compared to those who had used a
hand disinfectant solution.
B A R R IE R S A N D R IS K F A C T O R S F O R N O N -
C O M P LI A N C E
Although it appears to be an extremely simple action to per-
form, compliance with hand hygiene recommendations has
been repeatedly documented as being low (Table1). Identi¢ca-
tion of the associated risk factors is of utmost importance to
the design of appropriate targeted promotion campaigns, and
numerous studies have been undertaken to clarify this issue.
The list of potential barriers to hand hygiene is extremely long
and heterogeneous; some are related to personal beliefs or
behavior, others to institutional policies and constraints; some
have been assessed in observational or even intervention stu-
dies, while others are simply reported by HCWs. For clarity,
we will use the term r`isk factors' for independent factors of
non-compliance, and`barriers' for opinions or beliefs.
Risk factors
Risk factors for non-compliance with hand hygiene have
been determined objectively in several observational studies
or interventions to improve compliance (Table 2) [9,46^52].
Among these, being a physician or a nursing assistant, rather
than a nurse, was almost consistently associated with reduced
compliance. Similarly, the use of automated sinks also pre-
dicted non-compliance [53].
We conducted a hospital-wide observational study to esti-
mate compliance with hand hygiene and assess risk factors for
non-compliance [15]. We observed 2834 opportunities for
hand hygiene. Overall compliance was 48%. Factors that
independently predicted non-compliancewere:
1. Professional category: non-compliance was lowest among
nurses as compared with other HCWs, and especially physi-
cians.
2. Hospital ward: non-compliance was higher in intensive
care units, as compared with internal medicine (OR 2.0, CI 95
1.3^3.1).
3. Time of the day/week: non-compliance was lower during
weekends (OR 0.6, CI95 0.4^0.8).
4. Type of patient care: non-compliance was higher during
procedures carrying a high risk of bacterial contamination
(OR1.8, CI951.4^2.4).
Table 2 Observed risk factors for non-compliance with hand
hygiene
Risk factors
Physician status (rather than a nurse)
Nursing assistant status (rather than a nurse)
Male gender
Working in an intensive care unit
Working during the week (rather than during the weekend)
Wearing gowns/gloves
Automated sink
Activities with high risk of cross-transmission
High number of opportunities for hand hygiene per hour of
patient care
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5. Heavy workload: compliance decreased when the demand
for hand cleansing was high; on average, compliance
decreased by 5% (þ 2%) per 10 opportunities per hour when
the intensity of patient care exceeded this ¢gure. Similarly, the
lowest compliance (36%) was found in intensive care units,
where opportunities for hand hygiene are typically more fre-
quent (on average, 20 opportunities per hour of care). The
highest compliance rate (59%)was observed in pediatric units,
where the average activity index was lower than elsewhere (on
average, eight opportunities per patient-hour).
This study con¢rmed low compliance with hand hygiene
in a teaching institution, and suggested that targeted educa-
tional programs may be useful.The results also suggested that
full compliance with current guidelines may be unrealistic
[15,52,54].
Perceived barriers
Apart from these well-documented risk factors, a large num-
ber of factors potentially jeopardizing adequate compliance
with hand hygiene have been cited in the literature
[9,15,46,48^51]. The main reasons reported by HCWs for the
lack of adherence with hand hygiene recommendations
include: skin irritation by hand hygiene agents, inaccessible
hand hygiene supplies, interference with HCW^patient rela-
tion, patient needs perceived as a priority, wearing of gloves,
forgetfulness, lack of knowledge of guidelines, insu¤cient
time for hand hygiene, high workload and understa¤ng, and
the perceived lack of scienti¢c evidence showing a de¢nitive
impact of improved hand hygiene on nosocomial infection
rates (Table 3). Finally, a trend towards lower compliance
among males as compared to females was reported several
times, but did not remain an independent risk factor.
Skin irritation by hand hygiene agents probably constitutes
an important barrier to appropriate compliance [55], and this
issue has been recently reviewed by Larson [17].The super¢cial
skin layers contain water to keep the skin soft and pliable, and
lipids to prevent dehydration of the corneocytes. Hand cleans-
ing can increase skin pH, reduce lipid content, increase transe-
pidermal water loss, and even increase microbial shedding.
However, the relative importance of skin irritation as a risk
factor for non-compliance has not been assessed, even though
it is regularly incriminated by HCWs as such. Consequently,
several actions need to be taken to improve the acceptability of
the agent and reduce its side-e¡ects. HCWs need to be better
informed about the possible e¡ects of hand hygiene agents: a
free service should be made available for those who present
side-e¡ects; emollients should be added to the solution since,
in addition, they may protect against cross-infection as well as
keeping the resident skin £ora intact; and the use of hand
lotions should be encouraged to help protect skin and reduce
microbial shedding. Possible interactions between hand pro-
tection and antimicrobial agents should, however, be evalu-
ated in appropriately designed studies. Finally, it is important
to recall that alcohol-based formulations for hand disinfection
are less irritant on skin than any antiseptic or non-antiseptic
detergents. Indeed, to our knowledge, Boyce et al [56] per-
formed the ¢rst clinical trial to compare side-e¡ects on skin
when using an alcoholic hand gel regimen with soap and
water. The study was prospective and randomized with a
cross-over design, and the skinwas assessed by three methods:
self-assessment, visual assessment by a study nurse, and esti-
mation of the epidermal water content by measurement of the
electrical capacitance of the skin. The three measurement
methods were consistent and showed no signi¢cant changes of
the skin when using the alcohol-based gel, whereas dryness
and irritation of the skin increased when using soap and
water.
Poor access to hand hygiene supplies, whether sink, soap,
medicated detergent, or waterless alcohol-based handrub
solution, is certainly an important barrier to adequate adher-
ence.The most £agrant example is the inconveniently located
sink that obliges the HCW to leave the patient's bedside.This
puts a time-burden on HCWs that renders adequate adherence
with hand hygiene recommendations simply impossible
[15,54]. System modi¢cations might solve this problem by
providing, for example, individual bottles of alcohol-based
handrub solution for pocket carriage, and dispensers available
in the immediate vicinity of each patient care location. The
observational study performed by Bischo¡ et al [57] illustrates
this point. Despite some methodological limitations, they
Table 3 Self-reported factors for poor adherence to hand hygiene
recommendations
Barriers
Hand hygiene agents cause irritations and dryness
Sinks are inconveniently located/shortage of sinks
Lack of soap, paper, towels
Often too busy/insuf®cient time
Understaf®ng/overcrowding
Patient needs take priority
Hand hygiene interferes with HCW±patient relationship
Low risk of acquiring infection from patients
Wearing of gloves/belief that glove use makes hand hygiene
unnecessary
Lack of knowledge of guidelines/protocols
Not thinking about it/forgetfulness
No role model from colleagues or superior(s)
Scepticism
Disagreement with the recommendations
Lack of awareness of de®nitive impact of improved hand
hygiene on nosocomial infection rates
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showed that compliance with hand hygiene increased after
alcohol-based waterless dispensers were made available, initi-
ally at a ratio of 1 dispenser per 4 beds. Interestingly, compli-
ance was even higher when this ratio was 1: 1, stressing the
importance of the ease of access.
Wearing gloves might represent a barrier for compliance
with hand hygiene. Indeed, HCWs might wear gloves with
the primary intention of protecting themselves and not the
patient, and may be unaware that contamination on gloves is
just the same as on hands. Furthermore, it has been shown that
contamination on the skin of gloved hands occurs, implying
that hand hygiene is vital after glove removal [58]. Failure to
remove gloves after patient contact or between care on dirty
and clean body sites on the same patient has to be considered as
non-compliance with hand hygiene recommendations [15].
Non-compliance has been identi¢ed among glove users in at
least two studies [59,60].
Lack of knowledge of hand hygiene guidelines, recognition
of hand hygiene opportunities during patient care and aware-
ness of the risk of cross-transmission of microbial pathogens
constitute barriers to hand hygiene compliance. Furthermore,
some HCWs believed that they washed their hands when
necessary even when observations indicated that they did not
[9,18,61^63]. Guidelines delineating indications for hand
hygiene exist, but do not rely on evidence-based studies of
contamination of hands [39,64]. However, it is of utmost
importance to identify patient care activities associated with
colonization of the hands, in order to elaborate meaningful
recommendations. In the study we mentioned earlier [45], we
observed 417 episodes of care; each observation period started
after the initial hand hygiene procedure and ended at the end
of a coherent episode of care or when the HCWproceeded to
clean his/her hands, and hand contaminationwas quantitated.
Colonization of the hands was constant over time and almost
linear, with an acquisition on average of 16 CFUs per minute
of care on ungloved hands. The rate of colonization was
dependent on the type of activity, as high as 21CFUs/min for
respiratory care, whereas no signi¢cant colonization occurred
during simple skin contact or housekeeping activities. Activ-
ities that were most strongly associated with contamination
were respiratory care and direct patient contact (both 20
CFUs/min). Not surprisingly, handling body £uid or secre-
tions, or rupture in the sequence of patient care, were also asso-
ciated with high bacterial hand contamination, even after
adjustment for confounding factors. Hand hygiene guidelines
need to be revisited, taking into account such information, so
as to help HCWs recognize at least those opportunities that
carry the highest risk of cross-contamination during the
sequence of patient care.
The lack of scienti¢c information on the de¢nitive impact
of improved hand hygiene on nosocomial infection rates is
repeatedly reported as a barrier to appropriate adherence to
hand hygiene recommendations. As discussed previously, and
although there are scienti¢c data to refute this statement, it
de¢nitely needs to be taken into account and calls for more
education and lobbying.
Some other reported reasons for non-compliance include
the lack of hand hygiene promotion, active participation at
individual and institutional level, the frequent absence of a
role model provided by senior sta¡, the lack of institutional
priority, and the lack of an institutional safety climate. This
shows that parameters associated with non-compliance with
hand hygiene recommendations are not uniquely related to
the individual HCW, but also to the group and institution he/
she belongs to.We therefore agree with Kretzer and Larson
[49] that interventions targeted at individuals are insu¤cient
to induce sustained change, and that other factors such as
environmental constraints and the institutional climate need
to be taken into account. These authors have extensively
reviewed and proposed a theoretical model to promote hand
hygiene, but the successful implementation of these concepts
has not been published so far.
C O N C L U S IO N S
The issue of hand hygiene as an important measure to prevent
nosocomial infection is among the top priorities of any infec-
tion control practitioner, but the understanding of this topic is
often distorted by many long-standing beliefs, misunder-
standings, or unproven statements. However, a great deal of
research has been accomplished that provides convincing data
on the association between hand hygiene and nosocomial
infections, hand colonization during patient care, advantages
and disadvantages of various hand hygiene techniques or
agents, and risk factors for non-compliance. These data need
to be used to convince care-givers, design interventions, and
trigger behavioral modi¢cations so to improve adherence to
recommendations for hand hygiene. Obviously, some gaps in
our knowledge remain and need to be addressed through
appropriate research. One of these, and not the least, is to
determine the most e¡ective components of a campaign to
promote hand hygiene so as to achieve a full recognition
among healthcare workers of the importance of this see-
mingly simple gesture.
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